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DIGITAL INPUT/OUTPUT 
- CONTROLLER (DIO) 
PROGRAMMING MANUAL 


INTRODUCTION 


This document provides programming information for the INTERDATA Digital 1/O Controller. It assumes that the reader 
is familar with the I/O programming structure of INTERDATA Processors. 


For information about INTERDATA programming, refer to the following: 

INTERDATA 32-Bit Series Reference Manual, Publication Number 29-365 

Model 7/32 Reference Manual, Publication Number 29-399 

Model 8/32 Processor User’s Manual, Publication Number 29-428 

16-Bit Series Reference Manual, Publication Number 29-398 
This manual describes the Digital Input/Output Controller and summarizes all of the information necessary to program the 
system. The Digital I/O (DIO) controller provides a standard interface between the Multiplexor Bus and the external 
peripheral device. 


CONFIGURATION 


The DIO Controller may be used with any Model 7/16, Model 7/32 or equivalent Processor. 


DATA FORMAT 

The DIO system is a halfword-oriented device. It consists of a 16-Bit output register and 16 input data lines. The 16 
controller input bits represent external inputs to the system. The 16 bits of digital output data represent outputs from the 
processor. Since the DIO Controller includes two independent data paths, a bi-directional flow. of information is possible 
between the processor and the peripheral device. Input operations command the external device to acquire and transfer 16 
bits of information to the computer. Output operations enable the computer to output 16 bits of data to the external 
device (see Section entitled Device Numbers). 

PROGRAMMING INSTRUCTIONS 

Processor Instructions 

The following Processor I/O Instructions are used to control and communicate with the Digital I/O Controller: 

Sense Status (SS or SSR) 

The Sense-Status instruction is used to determine whether the peripheral device is ready for data transfer operations. 
Output Command (OC or OCR) 

The Output Command instruction is used to enable, disable or disarm DIO Controller interrupts. 


Write Halfword (WH or WHR) 


The Write Halfword instruction is used to output 16 bits of data to the controller output register. 


Read Halfword (RH or RHR) 


The Read Halfword instruction is used to read 16 bits of data from the controller input data lines. 


Acknowledge Interrupt (Al, AIR, ACK, and ACKR) 


The Acknowledge Interrupt instruction (applicable to INTERDATA 16-Bit Processors only) is used to service interrupts. 
Execution of this instruction returns the address and status of the interrupting device. 


Read Data/Write Data (RD,RDR,WD,WDR) 


Since the DIO Controller is a halfword oriented device, the use of these instructions is not recommended. However, if used, 
the low order byte of data will be transferred to the device as a halfword with the 8 high order bits undefined. 


STATUS AND COMMAND BYTES 


Table | summarizes the DIO status and command byte data formats. 


Bit 
Number 


Command 
Byte 


*BUSY 


COMMAND 
ENABLE 


DISABLE | 


DISARM 


to 


, ' 


TABLE !. DIO STATUS AND COMMAND BYTE FORMATS 


DISARM 


The resetting of this bit, signals the computer that a halfword of data is available in the con- 
troller. If enabled, an interrupt is generated. The program can then read a halfword of data. When 
the read operation is complete, BUSY sets. 

OUTPUT OPERATION: 


The resetting of this bit signals the computer that the interface output register is ready to receive 
a halfword of data from the computer. If enable, an interrupt is generated. The program must 
then write a halfword of data. At the completion of the Write operation, BUSY sets. 


When this bit is set and DISABLE is reset, interrupts are passed to the Processor as they occur. 


When this bit is set and ENABLE is reset, interrupts are not passed to the Processor as they occur 
but are queued by the interface. 


When both ENABLE and DISABLE are set, interrupts are not passed to the Processor as they 
occur, and are not queued by the interface. All pending interrupts are cleared. 


NOTES 


1. A Controller option enables the user to unconditionally inhibit 
the setting of the BUSY bit. 


N 


When the INIT switch is depressed on the Processor console, 
BUSY is set. Furthermore, when power is turned on, BUSY is 
set. 


3. There is no Controller Output command to set or reset the 
BUSY status. In order to set the BUSY bit under program 
control, a “dummy” Read and Write operation must be per- 
formed (see section entitled “PROGRAMMING  SE- 
QUENCES”). 


PROGRAMMING SEQUENCES 

Asynchronous Data Transfers (Appendices 2 and 3) 

Data may be transferred to or from the device asynchronously by issuing a Write Halfword to the output address (N), or a 
Read Halfword instruction from the input address (N+1). The first programming example in Appendices 2 and 3 illustrates 
the use of a simple subroutine designed to transfer data in this manner. Interrupts from the controller should be disarmed 
and the BUSY status is not used to signal the processor when data transfers should be initiated. 


Sense-Status Operation (Appendices 2 and 3) 


Appendices 2 and 3 illustrate a subroutine to transfer data by sensing puee status. In addition, to initiate an input 
operation: 


1. Disarm the controller interrupt ne (see section entitled INTERRUPTS). 

2. The BUSY status bit must be set to initiate the operation. If the state of the BUSY bit is unknown, a 
“dummy” Read Halfword instruction must be issued to set the BUSY bit. This signals the controller 
to initiate an input operation. The data read from the input data register by this “dummy” read, is 
undefined. ‘ 


3. A Sense-Status instruction is used to sense the controller status. When BUSY resets, the program can 
read one halfword of data. 


To initiate an output operation: 
1. Disarm the Controller interrupts (see section entitled INTERRUPTS). 
2. The BUSY status bit must be set to initiate the operation. If the state of the BUSY bit is unknown, a 


“dummy” Write Halfword instruction must be issued. to set the BUSY bit. This.signals the Controller 
fo initiate an output operation. 


3. A Sense-Status instruction is used to sense the status. When BUSY resets, the program can write one 
halfword of data. 


Interrupt Driver Operation 

Appendix 2 outlines a program to execute interrupt driven data transfers. To initiate an input operation: 
1. Output a command to the input address assigned to the interface to enable interrupts. 
2. Repeat Step 2 of Sense-Status Operation.* 


3. When BUSY resets, the Controller generates an interrupt indicating that the input data is available in 
the DIO Controller. The program can then read | halfword of data. 


To initiate an output operation: 
1. Output a command to the output address assigned to the interface to enable interrupts. 
2. Repeat Step 2 of the Sense-Status operation. ** 


3. When BUSY resets, the Controller generates an interrupt indicating that the computer should send 
data to the device by issuing a Write-Halfword to the output address. 


Auto Drive Channel Operation 


Appendix 3 illustrates an example of using the Series 32 Processor Auto-Drive channel to execute DIO data transfers. For 
further information concerning Auto-Driver Channel programming, refer to the 32 Bit Series Reference Manual, Publica- 
tion Number 29-365. 


*If the Controller is wired to inhibit the setting of the BUSY status bit, this step should be ignored. An external interrupt 
occurs when data is available in the Controller. 


**If the Controller is wired to inhibit the setting of the BUSY status bit, this step should be ignored. An external interrupt 
occurs when the device is ready to receive data. 


INTERRUPTS | 


~ Tf enabled, an interrupt is generated by the DIO Controller when data is available in the interface, or when the output data 
register is requesting a halfword of data from the computer. This interrupt occurs if the BUSY bit is operational or not. 


INITIALIZATION 


Initialization disarms all system interrupts, clears the digital input and output registers and sets the BUSY status (bit 4), if 
operational. 


DEVICE NUMBERS 
The Digital 1/0 Controller communicates with the processor via two device numbers. I/O instructions used in output 
operations must address a device number N as selected by two hexadecimal switches located on the controller board. This 


setting must be even, i.e., the least significant switch setting must be 0, 2, 4, 6, 8, A, C, or E. I/O instructions used in input 
operations must address on odd device number equal to N + 1. 


SAMPLE PROGRAMS 


Appendices 2 and 3 contain sample programs illustrating various methods of DIO data transfer. 


APPENDIX 1 
DIGITAL INPUT/OUTPUT (DIO) SYSTEM 


BLOCK DIAGRAM 
() PROCESSOR MULTIPLEXOR 1/O BUS 6 
16 8 5 
INITIALIZE BIDIRECTIONAL CONTROL TEST LINES 


DATA LINES LINES 


SINGLE-CARD INPUT/OUTPUT CONTROL SECTION 
DIGITAL INPUT 
OUTPUT SYSTEM 


16 
OUTPUT 
DATA 


DIGITAL INPUT 
INTERRUPT 
LOGIC 


DIGITAL OUTPUT DIGITAL 
INTERRUPT 


LOGIC 


OUTPUT 
STATUS 
LOGIC 


OUTPUT 
REGISTER 


16 
eS cal INPUT 
DATA 
16 LINES 
OUTPUT OUTPUT INPUT 
DATA DATA LINES AVAILABLE 
REQUEST 
OUTPUT INPUT 
DATA DATA 


AVAILABLE RECEIVED 


INTERFACING SIGNALS (REQUEST/RESPONSE) 


SIGNAL DESCRIPTION FUNCTION 


INTERRUPT 


STATUS 


RESET 
BUSY=0 


GENERATE 
PROCESSOR 
INTERRUPT 


PERIPHERAL DEVICE 
REQUESTING DATA 


OUTPUT DATA 
REQUEST 


PROCESSOR DATA SETTLED ON LINES 
AND READY FOR PERIPHERAL 


NO INTERRUPT 
GENERATED 


OUTPUT DATA 
AVAILABLE 


GENERATE 
PROCESSOR 
INTERRUPT 


PERIPHERAL DEVICE REQUESTING 
TO INPUT DATA TO PROCESSOR 


INPUT 
AVAILABLE 


NO INTERRUPT 
GENERATED 


PROCESSOR ACKNOWLEDGES 
DATA ACCEPTED 


INPUT DATA 
RECEIVED 


Al-1/Al-2 


r-tV 


APPENDIX 2 16 BIT GIGITAL I/U PROGRAMMING EXAMPLES 


PROG= *NONEx 


CO00R 


OO00n 
O000K 


ag0ok 


9000h 
goGs: 


CO00 
0000 
0000 
0000 
0000 
0000 
9000 
o000u 
0000 
0000 
0000 
0000 
0000 
GOU0 
ooud 
c000 
0000 
o0u0 
0000 
coguU 
oOUU 
o00NU 
0000 
0000 
oucgo 
0000 
C890 


95he 


ASSEMBLED BY CAL 03-O06K04-0}4 


vo0p 
UUO4 
ugos 
UGOS 
8007 
u008 
OOOoC 
u608 
0vog9 
UGOA 
v00B 
UOOF 
L049 
uG44 
UGE 


0063 


voo2 
v001 
oco0o 
v000 
ugo7 
uoo4 
voos 
ulOoc 
UCOE 
vud2 
GOFO 


(32-BIT) 
SCRAT 
TARGT 32 
NLSTC 
MORXS 
SGCHK 
IFZ ACC-2 
ENOC 
WIDTH 120 
SQUEZ 
CROSS 
*x CGPYRIGH!] INTERLATA MAY 1975 
* 
* 
™* 
x 
* 
* 
* 
* 
* 
* 
* 
* APPENDIX 6 OF DOCUMENT 06-188A15. 
* 
* 
* EQUATES AND REGISTER ALLOCATIONS 
STaT EQU 13 
OUTDEYV EQu 4 
INDEV Eau 5 
IOINDB EQU 6 
DTAPTR EQU T 
BSY EQU 8 
DTAPTR1 EU 12 
TONTCMP EQyU 8 
WK1 EQU 9 
RETRY EGU 16 
INTDEV FQU 11 
RETH EQuU 15 
OLDPSWST EGU X*yg? 
NEWPSWST E£QU X*yyet 
NEWPSWLC EQU X*46? 
RSTO3 Eau 3 
RSTo2 EQu 2 
RSTol EGU 1 
RSTOO EQU 0 
RSTFO £9U 8] 
DTAPTRO EGU 7 
OUTDEVO EGU 4 
INDEVO EQU 5 
DTAPTRiO Eu 12 
WK2 Esu 14 
BUFFLMST EQuU 2 
OIOENTR LOAI WK1sX'FO?® 
F PSH RETRY, WKY 
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THE PROGRAMMING SEQUENCES THAT FOLLUW DEMONSTRATE THE VARIOUS METHODS 
OF DATA TRANSFER ySING THE DIGITAL 1/0 CONTROLLER, THE FLOW- 

CHARTS IN APPENDIX 2 OUTLINE THE METHODS IMPLEMENTED BELOW.VIN THE 
FIRST EXAMPLE+OATA IS TRANSFERRED TU aND FROM THE SYSTEM WITHOUT THE 
USE OF HANDSHAKING OR INTERRUPT LOGIC.STATUS FROM THE INPUT AND 
CUTPUT SUBSYSTEMS IS IGNORED AND SYSTEM INTERRUPTS ARE DISARMEDe THE 
SUBROUTINE DIGITIO IS CALLED TO EXECUTE DATA TRANSFERS,THE CALLING 
ARGUMENTS INCLUDE AN INPUT/OUTPUT OPERATION IDENTIFIER AND A POINTER 
TO MEMORY SPECIFYING WHERE OATA IS TO RETRIEVED OR STOREDe 

ALL PROGRAMMING EXAMPLES RUN WITH THt TEST CABLE REFERENCED IN 


ALL PROGRAMMING EXAMPLES ARE wRITTEN IN CAL COMMON CODE, 


STATUS REGISTER 

VUIPUT DEVICE ADORESS 

INPUT DEVICE ADDRESS 

INPUT-QUTPUT IDENTIFIER 

POLNTER TO INPUT/OUTPUT BUFFER 

BUSY STATUS FROM DIO CONTROLLER 
INPUT BUFFER POINTER FOR INTERRUPTS 
IsU NOT COMPLETE FLAG 

WORK REGISTER= GENERAL PURPOSE 
ADURESS FOR ERROR RETRY 
INTERRUPTING DEVICE anDRESS 
SUBROUTINE RETURN ADDRESS 

OLU PSW SAVE AREA 16 BIT ONLY 

NEW PSW STAT ON EXT INT 16 BIT ONLY 
NEW PSW LOC EXT INT 16 RIT ONLY 
EXtCUTIVE REGISTER SET.09 R3 
EXECUTIVE REGISTER SET 9 R2 
EXECUTIVE REGISTER SET 9 R1 
tXECUTIVE REGISTER SET 0 RO 
REGISTER StT FekEGISTER SET 0 
VUIPUT BUFFR POINTR REGISTER SET 0 
OUTPUT DEVICE ADDRESS- REG, SET 0 
REGISTER SET 9 INPUT DEVICE ADDR 
REGISTER SET 0 INPUT QUFFER POINTER 
WORK REGISTER 2. 

BUFFER LIMIT STATUS 

SELECT REGISTER SET yxeFe 

EXCHANGE PROGRAM STATUS 


DLOOONAO 
A0cou010 
DIO0QU2D 
vI000030 
0100u931 
b1000040 
v1O00080 
DIo00090 
DIOvo10N 
01000110 
VL000120 


bD1O0C013u 


D1000140 
D1000150 
DIO00160 
v1000170 
01000180 
01900190 
DIO00200 
DI000210 


. 01000220 


DLIO00230 
DIOO0240 
DI000256 
DI000260 
01000270 
vIQ0028U 
01900290 
01000300 
01000310 
DIO00320 
01000330 
Dy7000340 
01000350 
DI000360 
D1000370 
DI000380 
DI000390 
Y10v0400 
JI000410 
01000420 
91000430 
DIODG44O 
DI000450 
D1I000460 
DI000470 
DiToO00430 
UIO00490 
V1O00500 
D1I000510 
DLOOOS2uU 
01009530 
D1000540 
D1000541 


SHIdWVX4 ONINWVUDONd O/! TVLIOIG Lid 91 
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APPENDIX 2 16 BIT DIGITAL I/U PROGRAMMING ExAMPLES PAGE 2 15:06:16 07/26/77 
QUU6RK Yya4O U1OAR LH OUTDEVeDEVADR1 GET THE OUTPUT DEVICE ADDRESS 
UUOAR pE40 6112R OC OUTDEVeDISARM VISARM OUTPUT DEVICE LOGIC. 
OCSER 485U U10CR LH: INDEVs«DEVAUR2 GEt THE INPUT DEVICE ADDRESS 
O612R BESO 0112R oc INDEV,DISARM DISARM INPUT DEVICE INTERRUPTS 
0016R 2461 LIs IOINDe1 SEI THE 1/0 INDICATOR FOR DIG OUTPUT 
0016K C870 G10ER LOal UTAPTRseOUTBUFFR GET Trt POINTER TO THE OUTPUT DATA 
001C% 41iF0 UU2ER BAL RETNsDIGIT1O CALL THE SUBROUTINE To WRITE DATA, 
OO2Z0K U766 XAR IOIND, IOINO RESET THE 10 INDICATOR FOR INPUT OP 
oue2R C870 0110R LOal DTAPTR,INBUFFR GE} POINTER FOR INPUT DATA 
0026K 41F0 UGDER BAL RETNsDIGITIO GO READ THE INPUT DATA 
OOZAR C20u U120R LPSw WAIT HALT THE MACHINE 
SUBROUTINE DIGITIO TRANSFERS 16 BITS OF PARALLEL BINARY DATA EITHER 
TO THE nIGITAL I/O SYSTEM OR FROM THE DIGITAL I/0 SYSTEM, STATUS LOG- 
Ic FROM THE CONTROLLER IS IGNORED. AMONG THE CALLING ARGUMENTS ARE AN 
INPUT/QUIPUT INDICATOR FiaGePHYSICAL UEVICE ADDRESS AND A POINTER TO 
THE RESPECTIVE INPUT OR OUTPUT DAIA BUFFER. 
CALLING SEQUENCE: BAL RETN,DIGITIO 
INPUT REGISTERS: SUTOEV= OUTPUT DEVICE ADDRESS(EVEN DEVICE ADOR,) 
INDEV= INPUT DEVICE ADDRESS (00D DEVICE ADDRESS) 
IOIND= INPUT OUTPUT IDENTIFIER 
OTAPTR= POINTER 10 INPUT OR OUTPUT BUFFER 
REGISTERS DESTROYED: NONE 
SUBROUTINE OUTPUT DATA STORED IN MEMORY LOCATION SPECIFIED BY POINTER 
DTAPTR,IF IGIND=0 OPERATION IS A READ OTHERWISE IT IS a WRITE 
OQO2ZER 0866 IGITIO LDAR IOIND+LOIND CHECK THE 1/0 INDICATOR FLAG 
0030R 23354 BZ READIN BRANCH TO READ OPERATION 
6032R 0847 0000 WH OUTDEV.O(OTAPTR) WRITE A HALFWORD FROM OUTBUFFER 
0036K 2303 R RETURN 
0038R wv957 vo00 READIN RH INDEVsO(DTAPTR) REAU A HALFWORD INTO INPUT BUFFER 
003CR O030F RETURN BR RETN RETURN TO THE USER. 


DIODIOS42 
v1000550 
DIO00S560 
DiLO00580 
v1000590 
vlo00600 
01000610 
D1000620 
DI0G0630 
vidd00640 
V1000650 
DI000660 
bIO0g0670 
b1000680 
nrI000¢g90 
01000700 
DI0Q00719 
01000720 
01000730 
DIO0OT4O 
vi000750 
viI000760 
OIQ007TTO 
bL000780 
DI0u0790 
p1000g00 
or1000810 
0y,o008a20 
DI000830 
DIOQ0840 
bI000850 
vr000860 
DI9000870 
DI000880 


(panuyuo>) 7 XIGNaddV 


€-TV 


APPLALIX ¢ 16 KIT DIGITAL I/U PROGRAMMING EXAMPLES PAGE 


SENSE=STATUS PROGRAMMING EXAMPLES 


COSER 
042k 
OO44R 
G048R 
CO4CR 
0050K 
COD4k 
0056R 


0058R 
oo5CR 
oa6oR 
0064R 
0068R 
CO6CR 


Ooo70R 
0072R 
OO 74R 
O978R 
GO7AK 
oo7CcR 


0080R 
CO84R 
0086R 
QOSAR 
ov8cR 
OO8ER 


0090 
OUS4kK 
0096R 
QOSAR 


C&YQ 
95AQ 
yay 
DE4+0 
4850 
CE50 
2461 
9959 


c&70 
41FO 
CaeAo 
41F0 
41F0 
C200 


0866 
213D 
4850 
9N5D 
2383 
4300 


D957 
9D5D 
4380 
230A 
9D4D 
2187 


£847 
SB46 
4380 
2302 


uOFo 
U1OAR 
U112k 


U10CR 
0112R 


O10ER 
GO7GR 
vo58R 
GOAGR 
QO7OR 
0120R 


G10CR 


vogCcR 
0000 


0106R 


v600 


U1lCé6R 
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* IN THIS EXAMPLE THE DATA TRANSFERS ARE SYNCHRONIZED WITH THE CONTROL= 
* LER THROUGH THE USE OF HANDSHAKING SIGNALS ASSOCIATED wITH THE DEVICE 
* A COMPLETE DESCRIPTION OF THE BUSY STATUS IS INCLUDED IN SECTION 4 


* 


x 
GIOENTR1 Lbal 


CONT 


WK1,X*Fo? 
FPSR -RETRY,WK1 
LH OUTOEVsDEVADR1 
cc OUTDEVsDISARM 
LH I\DEV»DEVADR2 
oc INGEV,CISARM 
LIS IOTVW 41 
RHR INDEVeWK1 
* LIZE THE DIGITAL I/0 STATUS 
LDAI DTAPTR»OUTBUFFR 
BAL RETN,DIGIT1L01 
LDAI RETRY,CONT 
BAL RETNe CHECK 
PAL RETNeDIGITIOL 
LPSW WAIT 


SELECT REGISTER SET XeFe 

EXCHANGE PROGRAM STATUS 

bET THE OUTPUT DEVICE ADDRESS 
VISARM SYSTEM INTERRUPTS 

GEL THE InNPuT SYSTEM DEVICE ADDRESS 
DISARM INPUT DEVICE INTERRUPTS 

SET THE I70 IND FOR OUTPUT OP. 
EXECUTE A READ OPERATION TO INITIA- 


GET THE DATA POINTER TO OUTPUT BUFFER 
GO 10 DIGITAL I/70 ROUTINE FOR OUTPUT 
60 CHECK IF OP WAS COMPLETED 

GO 10 DIGITAL I/O ROUTINE FOR INPUT 

HALT THE PROCESSOR 


; SUBROUTINE DIGITI01 FIRST CHECKS TO INSURE THAT BuSy STATUS FROM THE. 


DESIREN SUBSYSTEM IS ZERO, 


IF IT IS NOT,THEN THE PERIPHERAL DEVICE 


IS NOT READY FOR DATA TRANSFER ANU THE SUBROUTINE RETURNS TO THE USER 
WITH THE IONTCMP FLAG SET=1.OTHERWISt, THE SUBROUTINE WILL EXECUTE THE 
APPROPRIATE READ OR WRITE OPERATION AND INSURE THAT THE BUSY STATUS 
WAS SET=1 FOLLOWING THE 170 OPERATION, 14 


CALLING SEQUENCE: 


BAL RETNeDIGIT1IO1 


OUTDEV=OUTPUT DEVICE ADDRESS{(EVEN DEVICE ADDRESS) 
INDEV=INPUT DEVICE ADDRESS (ODD DEVICE ADDRESS) 
IOIND= INPUT/OUTPUI IDENTIFIER 

DTAPTR= POINTER TO INPUT OR OUTPUT BUFFER. 


REGISTERS DESTROYED: RS=IONTCMPeWKI1=K9 


1GITI01 LDAR 


* 
CONTI 


WRITEOP 


* 
cONT2 


* 
* 
* 
* 
* 
* 
* 
x 
* INPUT REGISTERS: 
* 
* 
* 
* 
* 
*x 
* 
D 


BN2 


IOIND,IOINO 
WRITEOP 

INDEV eDEVADR2 
INDEVeSTAT 
BSY.ConT1 
EXITINCP 


INDEV+O(DTAPTR) 
INDEVeSTaT 

BSY, ERROR 
RETURNGY 
OUTDEV,STaT 
BSYsEXITINCP 


OUTDEV.O(DTAPTR) 
OUTUJEV,STAT 

BSY, ERROR 
RETURN 


GE1 THE INPUT/OUTPUT OP IDENTIFIER 


IF 1TS SET, ITS A WRITE OPERATION, 
OTHERWISE+GET THE. INPUT DEV.ADDRESS 
GE! THE STATUS OF THE DEVICE 

IF ITS ZERO«DO THE READ OPERATION 
OTHERWISE, SET THE Ivo NOT COMPLETE 
FLAG AND RETURN TO THE USER 

READ A HALFWORD OF DIGITAL DATA AND 
CHECK INPUT STaTUS BUSY SHOULD SET. 
IF 11 DION*T,THE DEVICE IS IN ERROR. 
KETURN TO THE USER, 

SENSE DEVICE. STATUS, 

IF THE BUSY BIT IS SET«SET 170 NOT 
COMPLETE AND RETURN. 

UO THE WRITE OPERATION... 

SENSE DEVICE STATUS 

BUSY BIT SHOULD BE SET 

RETURN TO THE USER 


10009890 
010009190 
b1000920 
b1000930 
VIO0D¥%46 
DIOQ0950 
01090951 
01000952 
vI000960 
VI9000970 
D1000990 
DIO01000 
01001010 
b1001020 
01001030 
01001040 
01001050 
01001060 
01001070 
01001080 
DI001090 
01001100 
01001110 


01001120. 


010901130 
01001140 
D1001150 
01001160 
01001170 
01001180 


01001190 


01001200 
01001210 
01001220 
DI001230 


vloo124e | 


01001250 
01001260 


01001270 


01001290 
DIC01300 
016001310 
DI001320 
01003330 
01001340 
01001350 
01001360 
DI001370 
01001330 
01001390 
01001400 
DI001410 
DI001420 
DI001430 
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APPENDIX 2 16 BIT vIGITAL I/7U PROGRAMMING EXAMPLES 


SENSE*=STATUS PROGRAMMING EXAMPLES 


0O9CR 
OOYER 


QOAOR 
OOA2R 


COA4R | 


O0AGR 
OOAsR 
OOACR 
GOAER 
gouoR 


O0B2R 


2481 
O30F 


(0888 


2333 
a788 
O350A 
c870 
0766 
0788 
O30F 


0110R 


146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
156 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 


175. 


EXITINCP LIS 


PAGE 4 152606:19 O7/26/77 


TONTCMPs1 SEL THe £70 INCOMPLETE FLAG 


RETURN1 BR RETN 

* 

x 

x 

Z . 

* SUBROUTINE CHECK INSURES THAT THE I70 OPERATION WAS COMPLETED 

* SUCCESSFULLY,IF IT WAS NOT IT WILL RESET THE IONTCMP FLAG AND RETRY 

* THE OPERATION. IF IT WAS A SUCCESSFUL OPERATION>s THE SUBROUTINE WILL 

* INITIALIZE aLL PARAMETERS FOR SUBSLQUENT OPERATIONS 

* 

* CALLING SEQUENCE: BAL RETN,CHECK 

* INPUT REGISTERS: IONTCMP=IONTCMPLETEU INDICATOR 

* IOIND=I1/0 INDICATOR FLAG 

ba OTAPTR=DATA POINTER TO INPUT OR OUTPUT BUFFER 

+ RETRY= RETRY AUDRESS 

* 

* REGISTERS DESTROYED: 

* IONTCMP= 1/0 OPERATION NOT COMPLETED FLAG 

* DTAPTR= POINTER TO MEMORY BUFFER 

* IOIND= 1/0 INDICATOR 

CHECK LOAR IonTCMP, LONTCMP TEST THE IO NOT COMPLETED FLAG 
B2 REINIT IF IT ZERO,THE PREVIOUS OPERATION 
XAR IONTCMP, IONTCMP WAS SUCCESSFUL, OTHERWISE RESET THE 
BR RETRY COMPLETED FLAG TRY AGAIN. 

REINIT LDaAI OTAPTR»eINQUFFR RELNITIALIZE THE OUTPUT DATA POINTER 


RESET I/0 FLAG FoR A READ OPERATION 
RESET I/O NOT COMPLETE FLAG 


XAR ToTyU.IoInD 
XAR IONTCMP, IONTCMP 
BR RETN 
IFZ ADC-2 


1001440 
01001450 
D1001460 
UI001470 
UI001480 
DI001490 
01001500 
01001510 
v1001520 
019001530 
01001540 
U¥L001550 
01001560 
U1i001576 
u1001580 
D109001590 
01001600 
01001610 
01001620 
01001630 


.01001640 


01901650 
01001660 


01001670 | 


01001680 
vu1001690 
01901700 
111001710 
DL1001720 
01001730 
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APPENOIX 2 16 BIT DIGITAL I70 PROGRAMMING EXAMPLES 


INTEKRUPT URIVEN OPERATION"<-16 BIT PROCESSORS 


aoB2R 
goB6R 


OOBAR 


OOBCK 
QUBER 
ooCerR 
oaCé6R 
OUCAR 
COCER 
00D2R 
o0D6R 


OODAR, 


QODER 


ooE2R 
OOE4R 
OOE6R 
OOESR 
OOEAR 
OOECR 


OOEER 
QOFOR 
OOF2R 
OOF6R 


OOF AR 
QOFCR 
OUFER 
g1u02k 


4840 
4¥E590 
2651 
0799 
4090 
C890 
40990 
DE4O0 
DE50 
C870 
Cé&Co 
D847 


C200 


9F9D 
0595 
233A 


0594 


2332 
2300 


0800 


2138 
D847 
C200 


08D0D 
2135 
DISC 
C200 


G1NAR 
010CR 


0044 
JOE2R 
0046 
0113R 
0115R 
G10ER 
6110R 
0000 


0120R 


0000 
0040 


0o00 
Og40 


177 
178 
179 
180 
161 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 


200 


201 
202 
203 
204 
205 
206 
207 


208 


209 
210 
211 


212 


213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
265 
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THE FOLLOWING EXAMPLE DEMONSTRATES the USE OF INTERRUPTS IN SYNCHRON}- 
IZING DATA TRANSFERS.WHEN THE PERIPHERAL DEVICE REQUIRES SERVICING 

AN EXTERNAL INTERRUPT IS GENERATEDVeINTERRUPTS GENERATED BY THE COMMON 
DIGITAL IvO CONTROLLER CAN BE ENABLED/DISABLED OR DISARMED,THIS PROC- 


* 
* 

* 

* 

* ESS IS MESCRIBED IN DETAIL IN SECTIUN 4 OF THIS DOCUMENT 
* oe : 

x 

* 

D 


GET THE OuTPUT DEVICE ADDRESS 
GET THE INPUT DEVICE aDDRESS 
ADU 1 TO MAKE IT AN ODD ADORESS 
SE1 UP LOCORE TO PROCESS 
EXTERNAL INTERRUPTS 


ENABLE OUTPUT AND INPUT EXTERNAL 
DEVicE INTERRUPTS 
LOAD THE MEMORY BUFFER POINTERS 


ONCE THE WRITE HALFWORD IS EXECUTED 


A READ SERVICE INTERRUPT IS GENERATEY AND THE PROGRAM WILL 
CONTINUE PROCESSING INTERRUPTS UNTIL MANUALLY HALTED 


EXECUTED A WRITE SERVICE INTERRUPT 


EXTERNAL INTERRUPTS ENTER HERE} WHEN THE PERIPHERAL DEVICE REQUESTS 
DATA FROM THE PROCESSOR, THE INTERRUPT IS VECTOREO TO WRITEINT, WHEN 
THE PERIPHERAL DEVICE IS READY TO StND DATA TO THE PROCESSOR THE 
INTERRUPT IS VECTORED TO READINT WHICH EXECUTES A READ HALFWORD 


ACKNOWLEDGE THE INTERRUPT. 


INPUT DEVICE REQUESTING SERVICE? 


IF YeS GO SERVICE IT WITH A. READ INT 
IS fHE GUTPUT DEVICE REQUESTING SERV 
YES Go SERVICE IT WITH A WRITE 
OTHERWISE ERROR 


x ; : 
-* REQUESTS. TO WRITE TO DIGITAL 1/70 CONTROLLER ENTER HERE 


TEST THE RETURNED STATUS 

BUSY STATUS NON-ZERO SIGNIFIES ERROR. 
WRITE DATA TO THE DIO OUTPUT SUBSyS 
RETURN TO THE USING PROGRAM 


* REQUESTS. TO READ DATA FROM THE. PERIPHERAL DEVICE ENTER HERE 


IF THE STaTUS IS . 
NON-ZERO THATS An ERROR CONDITION 
READ DATA INTO INPUT. BUFFER 


IOENTR2 LH OuTBEV,DEYADR1I 
LH INDEV,DEVADR2 
AIS INDEVed 
XAR WK1eWKI 
STH WK1+NEWPSWST 
LDAI  WK1,EXTINT 
STH WK1,NEWPSWLC 
oc OUTDEV. ENABLE 
Oc INDEV «ENABLE 
LOAI OTAPTRsOUTBUFFR 
LDAI ODTAPTR1,INBUFFR 
WH OUTOEV,0(DTAPTR) 
* 
x 
LPSW WAIT 
* 
* 
x 
* 
* OPERATION FROM THE DIO INPUT SUBSYSTEM 
* 
EXTINT ACKR. WK1,STAT 
CLHR WKi,INDEV 
BE READINT 
CLHR | WK1+OUTDEV 
BE. WRITEINT 
B ERROR 
WRITEINT LOAR STAT+STaT 
_ BNZ ERROR 
WH OUTDEV,0(DTAPTR) 
LPSW OLDPSWST 
READINT LDAR  STaTeSTaT 
ANZ ERROR ; 
RH INDEV,O0¢OTAPTR1i) 
LPSW  OLDPSWST 
ENDC 


v1I001750 
01001760. 
Dy,001770 
01001780 
01001790 
DI001800 
01001810 
D1001820 
J1001830 
DI00901840 
01001850 


01001860. 


DI0901870 
01001880 
01001890 
01001900 
01001910 


_ 01901920. 


DI001930 
DI001940 


.DI001950 


D1001960 
01001970 
01001980 
DI001990 
DI002000 
01002010 
01002020 
01002030 


DIOo2040. 


DI002050 
01002060 
01002070 
01902080 
01002090 
DI002100 
01002110 
b1002120 
D1002130 
DI002140 
01002150 
01002160 
01002170 
DIOU2180 
01002190 
UIOg2200 
DI002640 
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APPENGIX 2 16 BIT DIGITAL I/0 PROGRAMMING EXAMPLES 


9-TV 


0106k 


O1UARK 


O10AR 
010CR 
Q1UER 
0110k 
0112k 


0118R 
0118R 
0116: 
011AR 
0120 
0120R 
0120 
0122R 
0124R 


0124R 
0124R 


C200 0118R 


0000 
0000 
0000 
0000 
C040 


0000 U113R 


0000 0118R 
8000 

0118R 

0000 9120R 


Co00 
0120R 


267 
268 
269 
27U 
527 
528 
329 
330 
331 
$52 
333 
334 
335 
336 
337 
338 
339 
340 


344 


INTERRUPT DRIVEN OPERATION-16 BIT PROCESSORS 


PAGE 6 15*06221 dO7/26/77 


* ERRORS CauSE THE MACHINE TO HALT IN THE WAIT STATE WITH 
* INTERRUPTS DISABLEV 


ERROR © 
* 


* MEMORY 
DEVAURI 
DEVAUR2 
OUTBUFFR 
INGBUFFR 
DISARK™ 
ENABLE 


ERR 


WAIT 


LPSw 


ELSE 
ENVDC 


ERR 


ON AN ERROR HALT THE mACHINE WITH LOC 
POINTING TU ERR 


CONSTANTS.BUFFEK AREAS AND COMMANDS 


nc 
oc 
oc 
nc 
oc 


x*o? 
Xsgt 
X*n? 
x*ae 
x*Ca40" 
*=1 


ADC-2 
X*Cooo? 
A(WAIT) 


4 


OUIPUT DEVICE ADDRESS 

INPUT DEVICE ADDRESS 

VUTPUT HUFFER 

INPUT BUFFER 

UISARM INTERRUPTS (O70 CONTROLLER) 
ENABLE DIO INTERRUPTS 


16 BIT PSW STATUS WAIT STATE 
16 GIT PSw LOC ON ERROR HALT 


16 BIT PSW STATUS WAIT STATE 
INTERRUPTS ENABLED LOC=WAIT 


v1002660 
1002670 
07002680 
(91002690 
01003300 
U1005310 
1003320 
D1003330 


0109035340 


DI003350 
01003360 
DrlO03370 
01003380 
01003398 
V1003400 
V1003410 
D1003420 
DI003430 
01003476 
01003480 
DI003490 
01003500 
D1003510 


01003520 | 


01003560 
D1003570 


DI003900 | 


01003910 
01003920 


IddV 


rm 
S 
“ 
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APPENLIX 2 16 BIT DIGITAL I/U PROGKAMMING EXAMPLES 
INTERRUPT UKIVEN OPERATION-16 BIT PROCESSORS 
NO ERRORS 


CAL 04-01 


ABRSTOP 
AUC 
BSY 


BUFFLMST 


CHECK 
CONT 
CONT 
coNT2 . 
DEVADRI 


DEVADR2 


DIGITIO1 
DIGITIO 
DIOENTR 


DIQENTR1 . 


DIOENTR2 
DISARM 
DTAPTR 
DTAPTRO 
DTAPTRI 


DTAPTR1O 


EXITINCP 
EXTINT 
IMPTOP 
INBUFFR 
INDEV 
INOEVO 
INTDEV 
LOIND 
TONTCMP 
LAUC. 
NEWPSWLC 
NEWPSWST 
OLDPSwST 
OUTBUFFR 
OUTDEV 
OUTDEVO 
PURETOP 
READIN 
READINT 
REINIT 
RETN 
RETRY 


RETURN 


RETURNI 
RSTOO 
RSTO1 


3 SQUEZ PASSES 


0000 
0002 
‘9008 
0002 
OOAOR 
0058R 
o0e0R 
0090R 
010A4R 
010CR 
0070R 
OO2ER 
OUCOR 
OOZER 
OO0B2R 
0112R 
ooo7 
0007 
oooc 
oooc 
0113R 
0116R 
0106R 
QO9CR 
OOE2R 
0124R 
0110R 
“oe05 


0005 
0008 
0006 | 
0006 
0001" 
0046 
0044 
0040 
G1idER . 
0004 
0004 
ooogoR 
0036R 
OOFAR 
OOASR 
' QOOF 
COOA 
OO3CR 
OCSER 
0000 
0001 . 


175 
137 


99 
101 
110 

66 


60 
65 


221 


193 
340 
144 
140 


171 
6U 
221 


64% 
167 


222 
106 
58 


1495 


271 
140 


185 
130 


100 
86 


211 


195 


88 


64 | 


167 


.194 


86 


89 
108 


338 
144 


186 


102 
&8 


215 


101 


B84 
169 


99 


107 
170 


PAGE 


S47 


106 


220 


102 


84 


169 


100 


109 


7 


355 


155. 


104 


103. 
173 


139 


110 


1936323 


142 


150 


128 
173 


142 


147 


07/26/77 
171 194 
131 135 
128 172 
143185 


174 


196 


136 


172 


216 


186 


196 


187 


209 


1935 


216 
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APPENDIX 2 16 BIT DIGITAL 1/0 PROGRAMMING EXAMPLES PAGE & loiDos4y2 O7/26/T7 
INTERRUPT LRIVEN OPERATION=loe BIT PROCESSORS 
RSTO2 0002 
RS103 0003 
RSTFG a000 
STAT ound 131 136 139 143 206 214 214 219 219 
WAIT 0120R 67 111 199 449 
WKA 0009 55 Be 97 98 104 1388 1648 189 190 
wK2 QOOE 
wRITEINT OOEER 210 
WRLTEOUP 129 


OO8CR 
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APPENDIX 3 32 SIT DIGITAL I/Q PROGRAMMING EXAMPLES 


PROG= *NONE* 


oooounl 
ooooVol 
o0gocor 


oooouol 


oooo0n! 
0000041 


ASSEMBLED BY CAL 03-066RU4-04 


000D 
DOO4 
voos 
v006 
0007 
0008 


000C 


0008 
0009 
UOOA 
0008 
UOOF 
v040 
0044 
0046 
vu003 
0002 
ucol 
0000 
0000 
0007 
0004 
6005 
gooc 
UO0E 
v002 
vOFO 


MeN HHH HHH HHH HH H 


* EQUATES AND REGISTER ALLOCATIONS 


DTAPTR1 
IONTCMP 
WK1 
RETRY 
INTDEV 
RETN 
OLDPSWST 
NEWPSWST 
NEWPSWLC 
RSTO3 
RST02 
RSTo1 
RSTOO 
RSTFO 
DTAPTRO 
OUTDEVO 
INDEVO 
OTAPTR10 
Wh2 
BUFFLMST 
DIOENTR 


(32-BIT) 


SCRAT 
TARGT 
NLSTC 
NORX3S 
SQCHK 
ELSE 

ENDC 

WIOTH 
SQUEZ 
cRoOSS 


EQU 
EQu 
EQU 
EGU 
EU 
EQU 
EQu 
Eau 


32 


12a 


COPYRIGHT INTERDATA MAY 1975 


13 


Wh & 


WK1+xX*FO! 
RETRY .WK1 
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THE PROGRAMMING SEQUENCES THAT FOLLOW DEMONSTRATE THE VARIOUS METHODS 
OF DATA TRANSFER USING THE DIGITAL 1/0 CONTROLLER, THE FLOW= | 
CHARTS IN APPENDIX 2 OUTLINE THe METHODS IMPLEMENTED BELOW,IN THE 
FIRST EXAMPLE*DATA IS TRANSFERRED TO AND FROM THE SYSTEM WITHOUT THE 
USE OF HANDSHAKING OR INTERRUPT LOGIC.STATUS FROM THE INPUT AND 
OUTPUT SUBSYSTEMS IS IGNORED AND SYSTEM INTERRUPTS ARE DISARMED: THE 
SUBROUTINE DIGITIO IS CALLED TO EXECUTE DATA TRANSFERS,THE CALLING 
ARGUMENTS INCLUDE AN INPUT/OUTPUT OPERATION IDENTIFIER AND A POINTER 
TO MEMORY SPECIFYING WHERE DATA IS. TO RETRIEVED OR STORED. : 
ALL PROGRAMMING EXAMPLES RUN WITH THE TEST CABLE REFERENCED IN 
APPENDIX 6 OF DOCUMENT 06-188A15. ~ : 

ALL PROGRAMMING EXAMPLES ARE wRITTEN IN CAL COMMON CODE, 


STATUS REGISTER 


OUTPUT DEVICE ADDRESS 

INPUT DEVICE ADDRESS 

INPUT-OUTPUT IDENTIFIER 
POINTER TO INPUT/OUTPUT BUFFER 

BUSY STATUS FROM DIO CONTROLLER 
INPUT BUFFER POINTER FOR INTERRUPTS 
I/O NOT COMPLETE FLAG . 

WORK REGISTER- GENERAL PURPOSE 
ADVRESS FOR ERROR RETRY . 
INTERRUPTING DEVICE ADDRESS 
SUBROUTINE RETURN ADDRESS _ 

OLD PSW SAVE AREA 16 BIT ONLY. 
NEW PSW STAT ON EXT INT 16 BIT ONLY 
NEW PSW LOC EXT INT 16 BIT ONLY 
EXECUTIVE. REGISTER SET 0 R3 
EXECUTIVE REGISTER SET 9 R2 
EXECUTIVE REGISTER SET 9 RL 
EXECUTIVE REGISTER SET 0 RO 
REGISTER SET FeREGISTER SET 0 
QUIPUT BUFFR POINTR -REGISTER SET 0 
OUTPUT DEVICE ADDRESS. REG. SET 0 
REGISTER SET 0 INPUT DEVICE ADDR 
REGISTER SET 0 INPUT BUFFER POINTER 
WORK REGISTER 2 

BUFFER LIMIT STATUS 

SELECT REGISTER SET xoFe 

EXCHANGE PROGRAM STATUS 


01000000 


A0c00010 


OTOg0020 . 


DI0G0030 
D10900031 


- O1000060 . 


Db1000080 
OIo000090 


O1000100 - 


01000110 
D1000120 


.- 1000130. 


D1000140 
05000150 


..01090160 


01000170 
DI000180 


. 91000290 | 


DI000200 
01000210 


-DI000200 . 


01000230 
D1000240 


 P1000250_ 


01000260 
01000270 
01000280. 
01900290 
DI000300 


_ 019000310 


D1000320 
01000330 


. DI000340 | 


01000350 
DI000360 
D1000370. 
01000380 
01000390 


. DIOON4O0. 


D1000410 
DI000420 
D1000430 
D10004490 
01000450 
DIO004¢60. 
01000470 
01000480 
01000490 
01000500 
01000510 
1000520 
D1000530 
01000540 
01000541 
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APPENLIX 43 42 BIT DIGITAL I/U PROGRAMMING EXAMPLES PAGE 9 15241:36 07/26/77 
OCOOUUEL 4e4E 6198 57 Lh OUTUEVsUEVADR1I GE! THE OUTPUT DEVICE ADDRESS 
QOQOUAL DE4G 619¢ 58 OC OUTLEV «DISARM UVISAKM QUTPUT DEVICE LOGIC. 
QOOOVEL 4850 4192 59 LH INCEVs+UEVAUR2 GE} THE INPuT DEVICE ADDRESS 
o00ul21 BESg 8194 60 oc INDEV,OISARM DISARM INPUT: DEVICE INTERRUPTS 
O0O0bU16l 2464 bl LIS IGINGet SET THE 1/0 INDICATOR FOR DIO OUTPUT 
OOUC1&1l E670 418,” 62 LDAl UTAPTR»OUTBUFFR GEI THE POLWTER TO THE OUTPUT DATA 
ocgcic] 41FU BO0E 63 BAL RETN«eUIGITLO CALL THE SUBROUTINE To WRITE DATA, 
ovouzUI U7b66 64 XAR TOINvL, IOIND RESET THE 10 INDICATOR FOR INPUT OP 
QO0Ou2z21 Ete7o 8182 65 LOal DTAPTK,INBUFFR GET POINTEK FOR INPUT DATA 
O00UZE1 41FO 56004 66 PAL RETNsDIGITLO GO READ THE INPUT DATA 
oocds2aI C2uu 616A 67 LPSW WAIT HALT THE MACHINE 
66 x 
69 »* SUBROUTINE DIGIT10 TRANSFERS 16 BITS OF PARALLEL BINARy DATA EITHER 
70 »* TO THE DIGITAL I70 SYSTEM OR FROM THE UVIGITAL IvO0 SYSTEM, STATUS LOG-~ 
71 * IC FROM THE CONTROLLER IS IGNOREDe AMONG THE CALLING ARGUMENTS ARE AN 
72 »* INPUT/OUTPUT INDICATOR FLAG,PHYSICAL DEVICE ADDRESS AND A POINTER TO 
73 »* THE RESPECTIVE INPUT OR OUTPUT UAITA BUFFER, 
T4& * 
75 * CALLING SEQUENCE: BAL RETNeDIGITILIO 
7o * INPUT REGISTERS: QUTOEV= QUTPUT DEVICE ANDDRESS(EVEN DEVICE ADDR.) 
77 x INDEV= INPUT O©ViCe AUVIKESS (650 BEVICE ADGORESS; 
78 x IOIND= INPUT OUTPUT IDENTIFIER 
79 =¥ OTAPTR= POINTER IO INPUT OR OUTPUT BUFFER 
80 * REGISTERS DESTROYED? NONE 
61 * SUBROUTINE OUTPUT DATA STORED IN MEMORY LOCATION SPECIFIED BY POINTER 
82 * DTAPTR IF IOIND=0 OPERATION IS A READ OTHERWISE IT IS a WRITE 
83S x 
OOO0ZEI 0866 84 D1GITIO LDaAR IOINDsIOIND CHECK THE 1/6 INDICATOR FLAG 
*¥O00030I 2334 85 RZ READIN BRANCH TO READ OPERATION . 
0060321 D&47 COND 86 WH QUTDEVs+O(DTAPTR) WRLTE A HALFWORD FROM OUTBUFFER 
*0000561 2303 87 B RETURN 
o0000s81 0957 ucoO 88 READIN RH INGEV,.O0(OTAPTR) REAUD A HALFWORD INTO INPUT BUFFER 
OO0O0SCI O30F 69 RETURN BR RETN RETURN TO THE USER. 


* 


QLO00542 
v1000550 
01000560 
D1000580 
01000590 
01000600 
01000610 
01000620 
Db1000630 
DI000640 
01000650 
DLOVO6EU 
DIOU0G7O 
U1I000680 
DIQ00690 
DIO000700 
01000710 
UL000720 
D1000730 
DI000740 


vloou7se 


01000760 
01000770 
01000780 
01000790 
01000800 
01000810 
NH1o000K820 


V1IOCO8S0 | 


01000840 
D1I000850 


D1000860. 


01000870 
01000880 
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APPENTIX 3 32 BIT DIGITAL I/VU PROGRAMMING EXAMPLES 


SENSE=STATUS PROGRAMMING EXAMPLES 


oooose] 
ooco4el 
ooce4s4l 
0000481 
ooou4¢Ccl 
oocosul 
oo0uS4] 
0000561 


COgu58] 
00005CI 
ovooeul 
oocde4! 
0000681] 
o0006CT 


ocoo7ol 
*0000721 
ocoo74I 
0000781 
*0O007AI 
oooo7ci 


ooa0sol 
0000841 
0000561 
*00008AI 
00008CI 
*00008EI 


00c090T 
oocos4] 
0000961 
*00009ATJ 


L699 
95A9 
HE4O 
DESO 
4850 
HEdy 
2461 
9959 


E670 
41F 9 
L6AQ 
41F0 
41F0 
C200 


0866 
2130 
4850 
9D5D 
2383 
4300 


D957 
9D5D 
4380 
230A 
9D4D 
2187 


‘D847 


9D4D 
4380 
2302 


VOFO 
815A 
815E 


6154 
6156 


B14A 
6010 
FFF4 


8038 
8004 
8148 


812C 


801C 
0000 


8086 


0000 


8076 


92 
93 
94 


* 
* 
* 
¥ 
* 
D 


* LIZE THE DIGITAL 1/0 STATUS 


LS°41°237 OF /26/77 


IN THIS EXAMPLE THE DATA TRANSFERS ARE SYNCHRONIZED WITH THE CONTROL- 
LER THROUGH THk USt OF HANDSHAKING SLONALS ASSOCIATED WITH THE OLVICE 
A ComPLETE DESCRIPTION OF THE BUSY STATUS IS INCLUDED IN SECTION 4 


IGENTR1 LDAI 
EPSR 
Lo 
ac 
LH 
oc 
LIS 
RHR 


Wh1,X*Foe 
RETRY WKL 


OUTDEVsDEVADRy 
OUTDEVeDISARM 
INDE Vs DEVAUR2 
INDEV,DISARM 


IOIND,.1 
INDE VeWK1 


SELLCT REGISTER SET xXeFe 

EXCHANGE PROGRAM STATUS 

GET THE OUTPUT DEVICE ADDRESS 
VISARM SYSTEM INTERRUPTS 

GET THE INPUT SYSTEM DEVICE ADDRESS 
UISARM INPUT DEVICE INTERRUPTS 

SE! THE 170 IND FOR OUTPUT OP 
EXECUTE A READ OPERATION TO INITIA- 


GET THE DATA POINTER TO OUTPUT BUFFR 
GO TO DIGITAL I/0 ROUTINE FOR OUTPUT 
G60 CHECK IF OP WAS COMPLETED 

GO 10 DIGITAL I/0 ROUTINE FOR INPUT 
HALT THE PROCESSOR 


SUBROUTINE DIGITI01 FIRST CHECKS TO INSURE THAT BuSY STATUS FROM THE 


IF IT IS NOT,THEN THE PERIPHERAL DEVICE 


IS NOT READY FOR DATA TRANSFER AND THE SUBROUTINE RETURNS TO THE USER 
WITH THE IONTCMP FLAG SET=1.,0THERWISE + THE SUBROUTINE WILL EXECUTE THE 
APPROPRIATE REAG OR WRITE OPERATION ANU INSURE THAT THE BUSY STATUS 


OUTDEV=OUTPUT DEVICE ADDRESS(EVEN DEVICE ADDRESS) 
INDEV=INPUT DEVICE ADORESS (00D DEVICE ADDRESS) 
IOIND= INPUT/OUTPUT IDENTIFIER 

QOTAPTR= POINTER FO INPUT OR OUTPUT BUFFER 


GE THE INPUT/OUTPUT OP IDENTIFIER 


IF ITS SET, ITS A WRITE OPERATION, 
OTHERWISE.GET THE INPUT DEV.ADORESS 
GE! THE STATUS OF THE DEVICE 

IF 11S ZERO.00 THE READ OPERATION 
OTHERWISE, SET THE Ivo NOT COMPLETE 
FLAG AND RETURN TO THE USER 

REAU A HALFWORD OF DIGITAL DATA AND 
CHECK INPUT STATUS BUSY SHOULD SET. 
IF iT OION*T,THE DEVICE IS IN ERROR. 
RETURN TO THE USER, 


SENSE DEVICE STATUS, 


IF THE BUSY BIT IS SETsSET 1/0 NOT 
COMPLETE ANUO-RETURN,. 

DVO THE WRITE OPERATION. 

SENSE DEVICE STATUS 

BUSY BIT SHOULD BE SET 


CONT LOAI DTAPTReOUTBUFFR | 
RAL RETH,DIGIT1I61 
LuLAl RETRY «CONT 
RAL RETNe CHECK 
RAL RETNsDIGITIOI 
LPSW WAIT 
* 
* DESIRED SUBSYSTEM IS ZERO, 
* 
*x 
* 
* WAS SET=1 FOLLOWING THE I/0 OPERATION, 
* 
* CALLING SEQUENCE: BAL RETNeDIGITIOI . 
* INPUT REGISTERS: 
x 
x 
* 
x 
* FEGISTERS DESTROYED: R8=IONTCMPsWK1=R9 
* 
* 
DIGITIg91 LBAR IOIND,IOIND 
BNZ WRITEOP 
LH INDEV-+DEVADR2. 
SSR INCEV «STAT 
RFC BSY.CONTI 
RB EXITINCP 
* 
CONTI RH INDEVsO(DTAPTR) 
SSR INDEV+STAT 
BFC BSY+ERROR 
B RETURNA 
WRITEOP SSR OUTDEV,.STAT 
BTC BSYeEXITINCP 
* 
cuont2 WH OUTDEVs0(OTAPTR) 
SSK OUTDEV,STAT 
BFC BSY,ERROR 
B RETURN 


KETURN TO THE USER 


bL000900 
v1000910 
Di9000920 
DIOVNLES50 
UVIOCG94O 
D1Oga95u 
DL090951 
DI000955 


YLIO000960 . 


LDI9g00970 
ULOgUS9U 
D1001000 


010010710. 


D1001020 
D1001030 
01001040 
01001050 
DI001060 
b1001070 
01001080 
D1001090 
01001100 
01001110 
01001120 
DI901130 


DI001149 


01001150 
01001160 
01001170 


. 01901180 


01001190 
bI001200 
01001219 
pI9001220 
01001230 
DI001240 
01001250 
DI001260 
D1001270 
01001290 
0I9001300 
01001310 
01001320 
DI001430 
01001340 
DI9001350 
DI001360 
D100137u 
DI001380 
01001390 
DICo01400 
61001410 
ODI0901420 
01001430 
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INTERRUPT URIVEN OPERATION-32 BIT 


ooousbel 
oooo8el 
0000b81 
oocoBCc! 
oococoyl 
oooocel 
oo00c4l 
oococsl 
ooeoccl 
OOOOCETI 
coooDaol 
ooo0l4l 
ooodbal 
OOGOLCI 
OOOCEOI 
COCOE4I 
COOOESI 
OOO0dECI 
OQOO00FO} 


OOOOF4I 
*0000F6I 
OOO0FSI 
OOO00FC] 
O0G1U0I 


0001021 
*0001041 
0001061 


~ 00010AI 


00010EI 
0001107 


E690 
95A9 
4eud 
4850 
0894 
1191 
E6ED 
4UE9 
0895 
1191 
F.6E0 
4QE9 
DE4O 
DE590 
E670 
E6CO 
DO4O 
D847 
c200 


0833 
2130 
D847 
D140 
1800 


0833 
2136 
D9SC 
D140 


. 1800 


OUFO 


sOEG 
60E4 


6g2c 
6ono 


BG2E 
vodo 
8OCF 
80CB 


80C2. 


8uCO 
8144 
0000 
60c4 


0000 
6130 


0000 


8122 


225 
226 
227 
22a 
229 
230 
231 
232 
253 
234 
235 
2456 
237 
238 
259 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 


x* 
* 
* 
* 
* 
* 
* 
* 
* 
8) 


* 


WRITEINT LDAR 


* 


READINT LOAR 


IOENTR2 LDal 
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PROCESSORS 


THE FOLLUWIHNG EXAMPLE DEMONSTRAIES IHe USt OF INTERRUPTS IM SYNCHRON] 
IZING DATA TRANSFERS, USING THE INTERRUPT STRUCTURE OF THE SERIES 32 
PROCESSORSeWHEN THE PERTPHERAL DEVICE REGUIRES SERVICING, AN EXTERNAL 
INTERRUPT IS GENERATED, THE INTERRUPIS GENERATED BY THE OTO CONTROLLER 
CAN BE CISABLED/ENABLED OR DISARMED BY THE APPROPRIATE PROCESSOR 
OUTPUT COMMaNDe THIS PROCESS IS DESCRIBED IN DETAIL 

In THE SECTION ENTITLED CommAND AwD STATUS BYTES. 


SELECT REGISTER SET XeFe 
EXCHANGE PROGRAM STATUS 


WK1,X*FO? 
EPSR  -RETRY,WKL 


LH OUTSIEVsDEVADR] GET THE OUTPUT DEVICE ADDRESS 
LH INDEV sDEVADR2 GLI THE INPUT DEVICE aDDRESS 
LOAR WK1+eOUTDEV GEI THE OUTPUT DEVICE ADDRESS 


MULTIPLy IT BY 2 FOR INDEXING INTO 
LDAl  wk2,¥8RITEINT LOCORE,GET INT, SERVICE ROUTINE ADOR 
STH WK2eX*DO*(WK1) STORE INTERRUPT HANDLER ADDRESS 

LDaAR = WK 1+ INDEV GE} INPUT DEVICE ADDRESS 

SLLS . Wklel MULTIPLY IT BY TWO FOR INDEXING 

LDAI  WKkK2,READINT IN LOCORE, AFTER STORING THE ADDRESS 
STH WK2,X"DO"(WK1) OF THE INTERRUPT HANOLER ENABLE DIO 
oc OUTOEVs ENABLE INPUT AND OUTPUT INTERRUPTS 

ac INDE V+ ENABLE 
LUAI DTAPTK,OUTBUFFR 
LDAL DTAPTR1,INBUFFR 
STM OUTDEVsRSAVE 


SLLS WKi.1 


INITIALIZE THE POINTERS TO THE 
INPUT ANDO QUTPUT DATA BUFFERS, 
STOKE REG. SET X*F® 


WH OUTDEV+O(DTAPTR) 
LPSW WATT WAil WITH INTERRUPTS ENABLED 
WRITE SERVICE REQUESTS ENTER HERE: 


RSTO3eRSTO3 TEST THE INTERRUPTING STATUS 
BNZ — ERROR A NON-ZERO STATUS IS AN ERROR COND, 
WH OUTNEVOeO(OTAPTRO) WRITE DATA TO THE DIO - CONTROLLER 
LM OUTDEVsRSAVE LOAD REG. SET 0: REG. 4=REG X'Ft 
LPSWR RSTOO RETURN TO USER 
READ SERVICE INTERRUPTS ENTER HERE? 
RSTO0SeRSTOS TEST THE INTERRUPTING STATUS. 
BNZ ERROR A NON-ZERO STATUS IS AN ERROR COND. 
RH INDEVO.O(DTAPTR10) READ DATA FROM THE DIO CONTROLLER 


LM OUTDEV»RSAVE _ LOAD REG, SET 03 REG,4=REG Xx*F# 
LPSWR RSTOO RETURN TO USER 
ENOC 


ULO02230 
vL1002240 
01002250 
DI002260 
DIOU2270 
D100z228a0 
01002290 
DI9002300 
01002310 
01002320 
D1002321 
VI002422 
D1002330 
07002350 
01002360 
01002370 
01002380 
01002390 
DI002400 
D1T002410 
U1002420 
UI002430 
DLO02440 
DI002450 
DI002460 
DI002470 
vpIl002520 
D1002530 
DIO02540 


OIOg2550. 


01002560 
01002570 
Dr1o002571 
V1002580 
vI002590 
01002600 
VI002610 
01002620 
DI002621 
DLO02630 
DIO02640 
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INTERRUPT URIVEN OPERATION|-32 B1T FROCESSORS 


0001101 


0001141 


C2uo sogc 


267 
268 
269 
270 
271 


* ERRORS CAUSE THE 


* INTERRUPTS DISABLED 


ERROR 
* 


LPSw 


IFwZ2 


ERR 


ACC-2 


PAGE 
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MACHINE TO HALT IN THt WAIT STATE WITH 


ON AN ERROR HALT THE MACHINE WITH LOC 
POINTING TO ERR 


J1I1002660 
DVL0UV2670 
DIO0v2680 
D1OU2690 
01002700 
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PAGE 


SERIES 42 AUTO-DRIVER CHANNEL-DIGITAL 1/0 OPERATIOM 


0001141 
0001141 
o0011AT 
OON1iE1 
00c122) 
0001241 
0001261 
o0012AI 
00012eCI 


00013501 
0001321 
0001341 
0001381 
000145ar 


00013EI 


oo0l1421 


0001461 
00014cI 
0001501 
0001541 
0001581 
00015CI 
OO0C15EI 
0001621 
0001661 


00016AI 
0001701 
0001741 
0001781 
o0o017CI 
0001801 
0001821 
00U1861 
00018AI 
ooo1sE! 
0001921 


0001961 
QOn19AT 


00019C] 
o001A0I 


E690 
95A9 
4¥a4y 
4850 
03894 
1191 
E6EG 
26E1 
GOES 


0895 
1191 
E6to 
2661 
40L9 


t699 
4090 
F690 
4090 
E690 
E6Eo 
SO0EO 
OB9E 
4090 
F690 
4090 


£690 


4090 
E690 
E6EQ 
50E0 
OB9E 
4030 
DE4O 
DE50 
p95C 
C206 


4320 
1800 


4320 
1800 


UOFO 


6aB4 
eUBe 


8096 


0060 


8QA0 
Uopod 


6054 
BORE 
4000 
8070 
809C 
8087 
3068 


8060 


8036 
8082 


4000 
8064 
8098 
8083 
805C 


8054 


8021 
801D 
0000 
6022 


FF76 


FF70 


FF85 


FF a1 


273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 


311. 


312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
523 
324 
325 
326 
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THE FOLLOWING EXAMPLE DEMONSTRaTES IHE USE OF THE SERIES 32 aUTO-ypR- 
IVER CHANNEL IN EXECUTING DIGITAL INPUT-GUTPUT SYSTEM DATA TRANSFERS. 
TwO CHANNEL COMMAND BLOCKS ARE ESTABLISHED TC CONTROL WRITE OPERATION 


THE LOW CORE INTERRUPT SERVICE POINT 


ER TABLE 1S SET UP WITH THE ADDRESS OF THE CHANNEL CONTROL BLOCKS+4 
CHANNEL CONTROL pLOCKS ARE SET UP PRIOR TO auTO-DRIVER SERVICING. 


* 
* 
* 
* 
* AND READ OPERATION RESPECTIVELY. 
* 
* 
D 


IoENTRS LOAl WK1+X*FO? 
EPSR RETRY ,WK1 
LH OUTDEV,DEVADR1 
LH INDEV e«DEVAUDRD 
Luar WK1eOUTSEV 
StLS WKiel 
LOal WKO,CCB1 
AIS WK2e1 
STH WK2eX*DNO* (WK1) 
* 
LDAR WKIsINOEV 
SLLS WKiel 
LOAI WK2,CCB2 
AIS WK2e1 
STi WR2eX*O0* (WK1) 
* > 
LDAI = wWK1,WRITERM 
STH WK1,SUBADR 
LOAI ~ WK1+X*FFB5° 
STH WK1.CCB1 
LOalt WK1+eOTBFFRS 
LOAI WK2,0TBFFRE 
ST WK2,B8UFEND 
SR WK1—WKo 
STH ~WK1+eBUFCOUNT 
LOAI WK1«READTERM 
STH WK1,SUBADR1 
* 
LDAL WK1+X*FF81* 
STH Wk1+CCB2 
LDAI WK1+¢INBUFFRS 
LDAL WK2,INBUFFRE 
ST WK2,B3UFENOD1 
SR WK1 »wK2 
STH WK1«BUFCONT1 
oc CUTDEVsENABLE 
oc INDEV, ENABLE 
RH INDEV,.o(OTAPTR1) 
LPSW WAIT 
* WRITE TERMINAL SUBROUTINE ADDRESS 
* : 
WRITERM RFC BUFFLMST ERROR 
LPSWR RSTOO 
* READ TERMINAL SUBROUTINE 
* 
READTER™ BFC BUFFLMST ERROR 
LPSWR RSTOO 


SELEC! REG. SET X*F* 

EXCHANGE PROGRAM STATUS , 

GET THE OUTPUT DEVICE ADDRESS 

bE THE INPUT DEVICE aDORESS 

GET THE OUTPUT DEVICE AnORESS 
MULTIPLY IT BY Two For INDEXING 

GET THE WRITE CHANNEL CONTROL BLOCK 
MAKE IT ODD : 2 

STORE IT IN THE INTERRUPT SERVICE 
TABLE 

SIMILTARLY SET UP LOW CORE TQ 
SERVICE READ OR INPUT SERVICE INTRPT 
GE! THE WRITE CHANNEL CONTROL BLOCK 
MAKE IT ODD 

ANU STORE IT IN LOW CORE 


LOAU ADDRESS OF WRITE TERMINAL 
SUBROUTINE IN THE WRITE CHANNEL 
CONTROL BLOCK= STORE wRITE CHANNEL 
COMMAND WORD IN THE WRITE CHANNEL 
CONTROL BLOCK. 

GET THE OUTPUT BUFFER ENO ADDRESS 
STORE IT IN THE WRITE CONTROL BLOCK 
CALCULATE THE BUFFER BYTE COUNT 
STURE RESULT IN THE CONTROL BLOCK. 
LOAU ADDRESS OF THE READ TERMINAL 
SUBROUTINE AND STORE IT IN THE READ 
CONTROL BLOCK, 


LOAD THE CHANNEL COMMAND WORD. 


STORE IT IN THE READ CONTROL BLOCK. 
GET THE INPUT BUFFER START ADDRESS 
GET THE INPUT BUFFER END. ADDRESS. 
STOKE IT IN THE CONTROL BLOCK 
CALCULATE THE BYTE COUNT 

STORE IT IN THE CONTROL BLOCK. 
ENABLE OUTPUT INTERRUPTS 

ENABLE INPUT INTERRUPTS 


_ PERFORM READ OP TO GEN FIRST INTRPT 


WALT WITH INTERRUPTS ENABLED 


SENSE STATUS ON OUTPUT DEVICE 
IF NOT BUFF LIMIT STATUS ERROR 
RETURN TO THE USER 


iF NOT GUFFER LIMIT STATUS 
iTS IN ERROR 


D1002720 
01002730 
0;002740 
01002750 
DI002760 
D1002770 
vL1002780 
DI09002790 
01092791 
DI002792 
01002800 
yp10028290 
01002830 
DI0902849 
DI002850 
01002860 
01002870 


. 01002880 
‘01002899 
01062900 


01002970 
v1002920 
01002930 


DI0o2949 


D10029%0 
01002960 
D1002970 


01002960 


DI092999 
DIOD3000 
D1003010 
01003020 
D1003030 
D1003040 
DI003050 
01003060 
DI003070 
bI9003080 
D10035090 
DI003100 
01004110 
01003120 
01003130 
DI0031490 
01003200 
DI004210 
v1003220 
01003230 
D1003249 
01003250 
DI003260 
01003270 
01003280 
01003290 
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SERIES 32 AUTO*DOKIVER CHANNEL-DIGITAL 1/0 OPERATION 


o001A2TI 
OOOLA4I 
oogiAGl 
000181 
QOGLAA]T 


0001801 


000150) 
00qg1K4] 
0001881 
000186! 


oo01bal 
oo01BCI 
0001CU)] 
ooo1CcuL 
ooo1icul 


o001CUI1 
0001C21 
ooo1CcH#I 
0001C8l 
Q001CAl 
0001UCI 
00010 
o001U41 


0001081 
0001081 
OOO1DAT 
oou1lvCcI 
QOO1EUL 
ogo1lk2I 
Ooo1E4I 
o001E81 
ooo1ECI 
ooo1FO] 
oooiFor 


0002101 


0002501 
o0v235u1 


0000 
0000 
ocog 
0000 
co4g 
0000 


0000 
0000 
0000 


0000 


‘0000 


0000 


00006 
9000 
ooud0 
0000 
0000 
0000 
0000 
oao0 


0000 
GO00 
0000 
0000 
0000 
0000 
0000 
0000 


0000 


0000 


G1ABI 
¥1B01 
sOFO 

u1Bol 
0181 


COFO 
vu1Bal 


uoo0 


v000 
0000 


0000 


0000 
vQ00 


v2orl 


O22F1 


$26 


329 
330 
331 
332 
333 
534 
335 
336 
3357 
341 
342 
343 
344 
345 
346 
350 
351 
352 
$53 
354 
355 
356 


357 | 


338 
359 
360 
361 
362 
363 
364 
365 
366 
367 


368. 


4369 
370 
371 
372 
373 
374 


375 


376 
377 
378 
379 
380 
381 
382 
383 


384 


385 
386 
388 


* MEMORY 
DEVAUR1 
DEVAUR2 
OUTRUFFR 
INGUFFR 
DISARM 
ENABLE 


ERR 


WAIT 


ENGC 

CONSTANTS,BUFFER AREAS AND COMMANDS 

pC X*ot OUIPUT DEVICE ADDRESS 

OC Xen INPUT DEVICE ADDRESS 

NC Xene VUIPUT RUFFER 

ac X98 INPUT BUFFER 

NC X*co4eor UVISARM INTERRUPTS (Orq CONTROLLER) 
Eau k=1 ENABLE ODIO INTERRUPTS 

ALIGN 8 

Fau * 

ELSE 

rnc Y°*s8orO?* $2 BIT PSW STATUS WAIT STATE 
nc ACERR) 32 BIT PSw LOC ON ERROR HALT 
ENDC 

ALIGN §& 

FQU * 

ELSE 

BC YecoFor 32 BIT PSW STATUS WAIT STATE 
Bbc A(WAIT) INTERRUPTS ENABLED LOC=WAIT 
ENDC 

ALIGN & 


IFW2Z ADC-2 


* THE FOLLOWING CHANNEL COMMAND BLOCKS CONTROL THE DIO INPUT OR OUTPUT 
* REQUESTS AND PROVIDE THE USER WITH aN EXAMPLE OF ESTABLISHING THE 
* CONTROL PARAMETERS 


ccpl 
BUFCOUNT 
BUFEND 
CHECK1 
BUFYCNT 
BUFIEND 
TABLE 
SUBADR 
* 

* 

* 


CCB2 
BUFCONT1 
BUFEND1 
CHECK2 
BUFICNT1 
BUFIEND1 
TABLE 
SUBADR1 


OTBFFRS 
OTBFFRE 
INBUFFRS 
INBUFFRE 


RSAVE . 


Oc Heat CCW WORD=- WRITEIN THE FaST MODE 
pc H*o? WRITE QUTPUT BUFFER COUNT 

DC Feoer ENU ADDRESS OF BUFFER 

De Hege CHECK BYTE 

oc Ho? BUFFER 3 COUNT 

oc Fo? BUFFER 1 END ADURESS 

ats Froe ADDRESS OF TRANSLATION TABLE 

DC. Hege ADURESS OF TERMINATION SUBROUTINE 
ALIGN 4 

oc Hene CCW WORD= READ IN THE FAST MODE 
pc H*Q? READ INPUT BUFFER. COUNT 

DC For ENU AUURESS OF READ BUFFER 

ale H*O? CHECK BYTE 

pc Hrqe BUFFERI COUNT 

nc Fror BUFFER1 END ADURESS 

ne FPg? ADURESS OF TRANSLATION TABLE 

nc H*ot ADURKESS OF TERMINATION SUBROUTINE 
ALIGN 4 

DSH 16 16 HALFWORUS OF DIGITAL OUTPUT DATA 
Eau *-1 BUFFER END ADDRESS 

OSH 16 16 HALFWORDS OF DIGITAL INPUT DATA 
EQU *=4 BUFFER END ADDRESS 

ALIGN 4 is 

NSF 16 REGISTER SAVE AREA FOR INTERRUPT 


* SUBROUTINE AND AUTORKDRIVER CHANNEL SUBROUTINE 


ENDC 


U1005310 
U1003320 
NI903330 
VIO0534y 
‘1003350 
01003360 
0,003570 
01003380 
01003390 
D1003400 
DIO03440 
01903450 
O1003460 
D0I003470 
D1005480 
01003490 
DI003530 
DI00554g 
DI003550 
0DI003560 
D1I003570 
UI003580 
D1003590 
01003600 
01004616 
01003620 
D0I9036390 
O10036890 
01093650 
D1003660 
U1003670 
07003680 
01004690 
DIQO0S7O0 
010035710 
VI003720 
DI003730 
DIO03740 
010035750 
J1003760 
DL003770 
DI0Q3578Q 
DI003799 
D1003800 
DIO03810 
01003820 
DI0035830 
D1003849 
01005850 
01003860 
01003870 
DIOg3480 
01003890 
01003910 


IddV 


rm 
C 
ne 
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ooo2701 389 END 


PAGE 


9 


132413243 


07/26/77 


D1003920 
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APPENDIX 3 42 3IT DIGITAL I70 PROGRAMMING LXAMPLES 
SERIES 52 AUTO“-NKIVER CHANNEL-DIGITAL 1/70 OPERATIO® 
NO ERRGRS 


CAL 04-01 


ABSTOP 
AOC 

BSY 
BUFICNT 
BUFICNT1 
BUF LTEND 
BUFIENDI 
SsUFCONT1 
BUF COUNT 
BUFEND 
BUFENOL 
BUFFLMST 
CC3i 
cca 
CHECK 
CHECK1 
CHECK2 
CONT 
CONTI 
CONT2 
DEVAUR1 
DEVADR2 
DIGITIO1 
NLIGITIO 
MIOENTR 
DIVENTRI 
DIOENTR2 
OIVGENTRS 
DISARM. 
DTAPTR 
OTAPTRYU 
OTAPTRI 
DUTAPTR10 
ENABLE 
ERR 
ERROR 
EXITINCP 


_IMPTOP. 


INBUFFR 
INBUFFRE 
INBUFFRS 
INDEV 


InDEvo 
INTDEV © 
1O1ND 
LONTCMP 
LAUC 
NEWPSWLC 
NEWPSWST 


3 SQUEZ PASSES 


ouNuu 
o00U0 
OuUu0 
00UG 
ouud 
0000 
oud 
ouUu0 
0000 
ouv0 
o0u0 
o00U0 
0000 
ouGd 
ouUud 
0000 
0000 
GoUG 
ouuUd 
o00u0 
0000 
aou0 
0uu0 
ouuu 
G0un 
00UD0 
oou0 
0000 
ouud 
0000 
OUD 
oou0 
ouUO 
o000 
0000 
ouud 
OOUG 
0.000 
oou0d 
0000 
0006 
Qo0u0 


ouu0 
QO0U0 
o0v0 
0Uuuo 
GUOC 
00uUd 


OULD. 


YU00 

0004 

0006 

O1CAI 
O1E2I 
Q1CCI 
O1E4I 
V1DAI 
01C2I 
o1c4I 
o1nci 
0002 

01Col 
01D61 
VOAGI 
D1C&I 
O1E01 
00587 
vO08uUI 
0v901 
01A2I 
o1A4T 
vu701 
OU2EI 
ou0br 
OUZEI 
00R2I 
01141 
O1AAI 
0007 

0007 

ovoc 

yvoc 

D1ABI 
01B0I 
01161 
ouscy 
02701 
O1A8I 
022FI 
02101 
ov0s 


0005 
0006 
0006 
0006 
cude 
0046 


0044 | 


175 
137 


325 
e99 
309 


99 
101 
110 

66 


6uU 
65 


317 


247 
343 
144 
140 


“472 


60 
290 


64 


167 


271 
140 


236 
130 


. 100 


86 


315 


255 


249 


88 
316 


64 


167 


338 
144 


262 
237 


102 
88 


316 


261 


1091 


317 


84 
169 


PAGE 


347 


283 


106 


321 


102 


&4 


169 


10 


355 


eon 


325, 


104 


105 
173 
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142 171 248 


1300«13102«135 


128 428 172 
173, 


251 


136 


172 


237 


242 


247 
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APPENDIX 43 .32 BIT DIGITAL 170 PROGRAMMING EXAMPLES 


SERIES 
OLUPSWST 
OTBRFRE 
QTBFFRS 


OUTBUFFR 


VUTOEYV 


OUTDEVE 
PURETOP 
READIN 

READINT 


-READTERM 


REINIT 
RETN 
RETRY 
RETURN 
RETURN 
RSAVE 
RSTO 


RSTO1 


RSTO2 
RSTOS 
RSTFO 
STAT 
SUBAOR 
SUBADRI 
TABLE 
TABLE1 
WALT 


.WKI 


WK2 


WRITEINT 
WRITEOP 
WRITERM 


32 AUTO-NRIVER CHANNEL-DIGITAL I/70 OPERATION 


QuuO 
ou0G 
ouu0 
OUuUG 
OULG 


ouun 
GUV0 
OUUG 
0006 
Q0UL 
o0UL 
o0u0 
ouUU 
0000 
O0UO 
0000 
00U0 
0000 
00u0 
oou0 
00U6 
ouUv0 
fiyereze 
0000 
0000 
0006 
O0u6 


— euua 


-“90u0 


90ue. 


ovu00 
0U00 


0040 ~ 


O20FI 
O1F OT 
O1AGI 
0004 


004 


Q000P 
0035 
0102T 
019CI 
OUABI 
OUOF 
O004 
OO3CI 
OO9LT 
02301 
9000 
0001 
0002 


0003 


0000 
Ou0L . 


O1D41. 


O1ECI 
01D0r 
O1E6I 
01R8I 
ouo9- 


OO0E 


OOF4T 
o0acr 


01961 


301 
300 
62 
57 
257 
256 


85 
244 
305 
168 

63 

56 

87 
136 
250 
2d8 


254 


131 


297 
306 


67 
59 
280 
303 
240 


311 


240 


129 


296 


106 
54 
265 


248 
86 


282 . 


89 
108 


263 
322 


260 


139 


252 

97 
284 
305 
244 


313 


99 


- 284. 


107 
170 


326 


260 


143 


318 

98 
285 
306 
245 


PAGE 


100 
345 


109 


235 


352 
104% 
288 
‘308 
286 


11 


139 


110 
261: 


254 
250 
309 
287 


15°41:56 


142 


147 


235 
291 . 
310 
288 
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143 236 
174. 

238 239 
294 (296. 
315 314% 
292 293 


238 


241 
297 


294 


246 


242 
298 


301 


250 


243 
299 


302 


251 


245 
300 


303 
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